o-Glu cose-2-t and O-mannose-2-t have bee n synthes ized from sodium 2-keto-o-gluconate (sodium o-arabino-hexuloso nate). Redu ction of the salt with lithium borohydride-t produced the e pime ri c, 2-labeled aldonic acid s in almost equal proportion s. The acids, se parated by c arrie r tec hniques, we re lactonized , and the lactones were redu ced with sodium amal ga m to the co rres pondin g s uga rs . The s pecificity of th e labeling was es ta bli shed by co nve rtin g each sugar into o-arabino-he xulose phe nylosazone and dete rmining that the osazone wa s substantially tritium -free.
Introduction
In connection with a study of the behavior of sugars in alkaline solution [1] ,1 several sugars labeled with tritium on C-2 were needed. Syntheses of o-glucose-2-t and O-mannose-2-t began with sodium 2-keto-o-gluco nate (sodium o-arabino-hexulosonate) ; reduction of the ke tonic carbonyl group with lithium borohydride-t provided a mixture of 2-labeled o-gluconic and 0-mannonic aci d. The acids were separated and lactonize d, and the lactones were reduced with sodium amalgam by the procedures previously developed for pre paring the corresponding 14C-Iabeled sugars 2 [2] .
Because the reduction of sodium 2-keto-o-gluconate with lithium borohydride-t was conducted in alkaline solution, it seemed possible that a C-2-C-3 enolization might have occurred and resulted in products having some tritium on C-3 as well as on C-2_ However, the absence of tritium at positions other than C-2 was es tabli shed by converting the labeled o-glucose and O-mannose into their common phenylosazone (o-arabino-hexulose phenylosazone)_ After three recrystallizations, the phenylosazone from each sugar was found to be essentially free of tritium, indicating ·Presenf address: C lwmi s lry Department. Ameri ca n Univt'rs il y. Wa!' hin~lon. D. C. 20016. I Fi~ures in brac ke ts indicat e the refe re nces at th e e nd of thi s paper. 2 A s imil a r r ed uc ti on of sodium 2·ke fo-O-!!alactunal e (sud ium D,/yxQ· hcxuiosunate).
fo llowed by pro cedures anal ogo us to th ose described in ref. 3 , yielded o-galaetose-2-t and D-talose-2-t.
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the absence of labeling on C-3, C-4, C-5, and C-6. Absence of labeling on C-1 of the sugars may be assumed because the introdu c tion of hydroge n on C-1 (by reduction of the lactone with sodium amalgam) was carried out as a separate step after the labeling had been completed. Hence the o-glucose and O-mannose must be labeled exclusively on C-2. [4] by treating the latter with an equivalent proportion of sodium oxalate, removing the calcium oxalate precipitated, and crystallizing the sodium 2-keto-Ogluconate monohydrate from the res ulting solution.
Experimental Procedures
A magnetic stilTin g-bar, 936 mg (4 mmoles) of sodium 2-keto-o-gluconate monohydrate , 10 mg of sodium carbonate, and 4 ml of water were placed in a lOO-ml, round-bottomed flask having a small side-arm provided with a rubber cap suitable for perforation by a hypodermic needle. The solution was frozen, and the flask was evacuated on a vacuum manifold [5] . The flask was then closed off, the frozen solution was melted , and stirring was begun. With the flask in an ice-bath, 2-ml of a 0.5-M solution of lithium borohydride-t in dry tetrahydrofuran (40 mCi) was added by injection with a hypodermic needle through the capped sidearm. Stirring was continued for 2 hr at 0 °C, and the mixture was kept overnight at room temperature.
Aqueous acetic acid (1 ml of 5%) was injected to decompose any unreacted lithium borohydride-t, and, after the solution had been refrozen, hydrogen-t was collected in the manifold. The solvent was removed by freeze-drying (and was ultimately discarded in the manner approved for radioactive waste). The residue, dissolved in water, was passed through a small column of a strongly acidic cation-exchange resin (10 ml), and the effluent was evaporated to dryness under vacuum. Boric acid was removed from the residue as methyl borate by several successive additions of methanol, each followed by evaporation under vacuum.
An aqueous solution of the labeled products (volume 25 ml) was found to contain 18.9 mCi of radioactivity. The proportions of labeled D-gluconic and D-mannonic acid in the solution were determined by isotope dilution: a 100-I.d aliquot was added to an aqueous solution containing 200 mg of barium D-gluconate trihydrate. This solution was then neutralized with aqueous barium hydroxide, and concentrated. The carrier crop was crystallized from aqueous methanol-isopropyl alcohol, and recrystallized three times. A second 100-ILl aliquot was added to a solution of 200 mg of D-mannono-l,4-lactone. This solution was treated with aqueous sodium hydroxide sufficient to produce a faint, permanent, pink color with phenolphthalein indicator and was then passed through a small column (5 ml) of the cation-exchange resin; the effluent was evaporated to dryness under vacuum. The residue was dissolved in methanol, and the solution was heated at 70°C for 1 hr to effect lactonization. The solvent was evaporated, and the lactone was crystallized and twice recrystallized, from methanol-isopropyl alcohol. Radioactivity found from the assay of the carriers: D-gluconic-2-t acid, 8.83 mCi (46.7% of the labeled products); D-mannonic-2-t acid, 9.91 mCi (52.4%).
Preparation of Barium D-Gluconate-2-t and D -Glucose-2-t
The solution containing D-gluconic-2-t and D-mannonic-2-t acid was neutralized with barium hydroxide and concentrated. Crystallization of barium D-gluconate was initiated by the addition of ethanol to incipient turbidity, and the resulting crystals were separated and recrystallized. The combined mother liquor was depleted of D-gluconate-2-t ions by five additional crystallizations with nonradioactive barium D-gluconate used as carrier (total, 2.5 g). Each carrier crop was recrystallized, and the mother liquors were combined for the next carrier crystallization. The first crystals and the carrier crops were selectively combined and recrystallized to give the following quantities of barium D-gluconate-2-t monohydrate: 1.155 g (5,700 fLCi); 1.460 g (1,290 fLCi); and 1.100 g (320 fLCi); total yield, 83 percent of the D-gluconic-2-t acid found by analysis.
The two main crops of barium D-gluconate-2-t trihydrate (6,990 fLCi) were converted into D-glucono-1,5-lactone-2-t, and this was reduced with sodium amalgam in the presence of sodium hydrogen oxalate by the procedure previously described for the preparation of D-glucose-2-14 C [2] . The yield of a-D-glucose-2-t (5,430 fLCi) was approximately 78 percent of the barium D-gluconate-2-t, or 65 percent of the quantity initially found by analysis.
Preparation of D-Mannono-l,4-lactone-2-t and D-Mannose-2-t
Nonradioactive calcium D-mannonate dihydrate (1 g) was added to the mother liquor that had been depleted of its barium D-gluconate-2-t. An aqueous solution of the mixture was passed through 25 ml of the cation-exchange resin, and the effluent was evaporated under vacuum. The residue was digested for 1 hr in methanol at 70°C, and the solution was then cooled, nucleated with D-mannono-l,4-lactone, and kept in a desiccator for several days. Crystalline D-mannono-l,4-lactone-2-t deposited and was separated. Residual, labeled lactone was isolated from the mother liquor in carrier crops by several co-crystallizations with nonradioactive D-mannono-l,4-lactone; yield, 7.48 mCi, or approximately 75 percent of the quantity found by analysis. The crops were combined, recrystallized, and then reduced in I-mmole portions by the method described for the preparation of a-Dmannose-2-14C [2] . The yield of a-D-mannose-2-t was approximately 65 percent of the labeled lactone employed, or 49 percent of the D-mannonic-2-t acid found by analysis.
Preparation of D-arabino-Hexulose Phenylosazone from D-Glucose-2-t
A mixture containing 100 mg of D-glucose-2-t (11.53 fLCi) , 200 mg of phenylhydrazine hydrochloride, and 300 mg of anh~drous sodium acetate was dissolved in 4 ml of water in a 15-ml centrifuge tube, and the solution was kept in a boiling-water bath for 20 min. The resulting suspension of yellow crystals was diluted with 4 ml of water, kept in ice-water for 30 min, and then centrifuged; the separated crystals were washed twice with 3-ml portions of water. To recrystallize the product, the moist crystals were dissolved in 3 ml of 2: 1 (v/v) methyl Cellosolve -tetrahydrofuran, and water was added drop-wise, with stirring, to give a total volume of about 12 ml. The resulting, fluffy precipitate was centrifuged and washed as before. The recrystallization process was twice repeated, and the separated crystals were dried in a vacuum desiccator.
For analysis, 3.5 mg of the phenylosazone, in a standard liquid-scintillation bottle, was dissolved in one drop of tetrahydrofuran, and 10 ml of a scintillation mixture containing p-dioxane was added; the solution was assayed in a liquid-scintillation spectrometer. The radioactivity of the phenylosazone was 1.84 d/s per milli gram; the radi oactivity of the equivalent quantity of the parent D-glucose-2-t (0_503 mg) had been 2145 d/s_ He nce re te ntion of radioactivity by the D-arabinoh exulose phe nylosazone was less than 0_1 percent, a nd the co mpound was substantially tritium-free.
Preparation of o-arabino-Hexulose Phenylosazone
From o-Mannose-2-t A solution of 200 mg of phenylhydrazine hydroc hloride and 300 mg of sodium acetate in 10 ml of water was treated with sufficient acetic acid to bring the pH to 4.6. To this solution was added 100 mg of D-mannose-2-t (containing 8.16 J..tCi of radioactivity), and the solution was heated in a boiling-water bath for 1 hr. A coloriesE: precipitate of D-mannose phenylhydrazo ne formed at first and redi ssolved, a nd t he yellow phenylosazone th e n precipitated. The s us-77 pe nsion was diluted with 5 ml of water, cooled in icewate r, and centrifuged. The precipitate was washed, a nd recrystallized three times, as describe d for the phenylosazone of o-glu cose-2-t. The radioac tivity , mea s ured with 5.2 mg of the dried phe nylosazone, was scarcely greate r tha n that of the backgro und.
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